The use of a reverse transcriptase polymerase chain reaction (RT-PCR) assay to screen bulk milk tank samples for bovine viral diarrhea virus (BVDV) has proven to be a sensitive and economical means to evaluate the lactating animals in a herd. The assay is capable of detecting the presence of a single persistently infected animal within a group of several hundred cows. Over a 3-year period, 144 samples from 97 farms were tested for BVDV using an RT-PCR assay in conjunction with a classical virus isolation (VI) procedure to measure the relative effectiveness of the techniques. Virus could be detected with both methods when the milk from a single persistently infected animal was diluted 1:600 with the milk from a herd of BVDV-negative animals. Based on individual farms, there was an overall prevalence of 12.4% BVDV infection, and the correlation between the 2 assays was 95.9%. In terms of sensitivity, specificity, and turnaround time, RT-PCR was superior to VI. However, of the 17 samples that were VI positive, 4 were RT-PCR negative. RT-PCR may not detect all naturally occurring BVDV isolates because they may contain minor sequence variations in the primer regions. VI and RT-PCR are both suitable for detection of BVDV in bulk milk samples when used independently, but to increase the probability of successful detection and to provide cross-checks against assay contamination, it is desirable to utilize both methods in parallel.
Bovine viral diarrhea virus (BVDV) infection of cattle is one of the most significant diseases affecting dairy herds. 1 Animals can have signs that range from subclinical to chronic debilitating disease with high mortality. Fetal infections in utero may produce immunotolerant persistently infected (PI) calves that continually shed virus. Circulation of BVDV within the herd due to the presence of PI animals results in poor reproductive performance from early fetal loss, abortion, and sporadic clinical disease in susceptible animals. Several methods can be used to identify PI animals, including the cell-based enzyme-linked immunosorbent assay (ELISA), 6,9 antigen-capture ELISA, 4,5,7,10 and traditional virus isolation (VI) techniques. However, eliminating PI animals from a herd is a time-consuming and costly process because blood must be obtained from individual animals. The development of a method to detect BVDV in milk samples taken from bulk collection tanks 3,8 was therefore an important advancement that allowed all of the lactating animals in a herd to be simultaneously screened in a manner that is highly economical for the dairy farmer.
Over a 3-year period, a reverse transcription polymerase chain reaction (RT-PCR) assay was used in parallel with a standard VI procedure to conduct a practical evaluation of the 2 methods for the routine testing of bulk milk samples. One hundred forty-four samples from 97 farms were tested. Seventy-nine percent of the farms were from New York, Pennsylvania, and Michigan. The remaining 21% were from 11 states located mainly in the northeastern and midwestern USA. In most cases, the number of lactating animals that contributed to each bulk tank was not included with the sample documentation, but of those with complete information, herds ranging from 40 to 700 animals were indicated, with a median of 180 (n ϭ 25) and a mean of 199 (SD ϭ 158.3) animals. Milk samples were received and held at 4 C prior to processing. To obtain the cell fraction, the samples were agitated to resuspend settled cells, aliquoted to 50-ml conical tubes, and centrifuged for 15 minutes at 1,700 ϫ g. The pellets were resuspended in phosphate-buffered saline (PBS) (pH 7.4), transferred to small vials, and centrifuged again. This process was repeated as necessary to remove residual cream. The crude pellets, containing cells, milk solids, and debris, were used for both RT-PCR and VI. Pellets used for VI were resuspended in 1 ml minimum essential medium with Earle's salts (MEM-E), a supplemented with 0.5% bovine serum albumin, 200 U/ml penicillin G, 200 g/ml streptomycin sulfate, 50 g/ml gentamicin, and 2.5 g/ml amphotericin B. The cell suspensions were added to rinsed monolayers of subconfluent primary bovine testicle cells and incubated at 37 C for 1-2 hours. The inoculum was then removed, and the cell monolayers were rinsed with PBS. Six milliliters of MEM-E, a containing 10% gamma-irradiated fetal bovine serum (FBS) and antibiotics (as above), was then added. Cultures were incubated in 5% CO 2 and split 1:3 at 3-4-day intervals. Microwell slides were prepared at each passage and examined by immunofluorescence assay for the presence of BVDV antigen using monoclonal antibody 20.10.6. 2 For the RT-PCR assay, RNA was extracted from the milk cell pellets using a spin column b and eluted in a final volume of 56 l H 2 O. Twenty-seven microliters of RNA was used to prepare single-strand cDNA in a 40-l reaction containing 1ϫ Moloney murine leukemia virus (M-MLV) buffer, c 500 m dNTPs, a 200 pmol hexanucleotide primers, a 0.05 units RNase inhibitor, d and 200 units M-MLV reverse transcriptase. a The cDNA reactions were incubated overnight at 37 C. The PCR reactions each contained 1ϫ PCR buffer, e 1.5 
mM MgCl 2 , 200 M dNTPs, a 1.5 units Taq polymerase, e 1.5 units Taq Extender, f 5 pmol of each primer, and 5 l of the cDNA reaction, in a total volume of 50 l. Published primer sequences were compared with available BVDV sequences, g and 3 sets were selected based on the likelihood that they would collectively amplify most isolates: UTR1 (GGCTAG-CCATGCCCTTAG) and UTR2 (GCCTCTGCAGCACCCT-AT); 8 324 (ATGCCCWTAGTAGGACTAGCA) and 326 (T-CAACTCCATGTGCCATGTAC); 11 and the combination of UTR1/326. Bovine actin primers (ACCAGCCATCCAGAC-AAAAC; ATCTTCAGGGACTTTGGACG) h were included with each set of reactions as a positive control. The reactions were initially incubated at 95 C for 4 minutes and then cycled 40 times: 95 C for 1 minute, 56 C for 1.5 minutes, and 74 C for 1 minute. Amplification products were visualized on 2% agarose gels stained with ethidium bromide. The sensitivity limits of the RT-PCR and VI procedures were compared experimentally. Milk from a known PI animal was diluted from 1:100 to 1:600 with milk from a BVDV-free herd of 50 animals and processed according to the standard protocol. Both RT-PCR and VI successfully detected BVDV at dilutions of 1:600 using both freshly prepared pellets and pellets that had been previously frozen at Ϫ80 C.
Twenty-four of the 144 bulk milk tank samples tested positive by either RT-PCR or VI. These samples were submitted from 12 different farms, giving an overall prevalence of 12.4% of farms with PI animals in the lactating groups. Twenty of the samples were positive by RT-PCR, and in every case the BVDV fragments were amplified with the UTR1/UTR2 primer set. In contrast, the UTR1/326 and 324/ 326 primer combinations were effective only 37% and 10.5% (n ϭ 19) of the time, respectively. Seventeen of the samples were positive for BVDV by VI. Four samples were VI positive and RT-PCR negative, and 7 samples were RT-PCR positive and VI negative. Overall, as compared on a farm-by-farm basis, there was a 95.9% correlation between VI and RT-PCR results ( Table 1 ).
In 2 of the 7 cases where the samples were initially RT-PCR positive and VI negative, the results were negative by both methods when a second sample from the same herd was submitted 3-4 weeks later. The remaining 5 VI-negative/RT-PCR-positive samples were all submitted from the same farm within a 3-week period. Six of 11 individual samples from this farm were positive by RT-PCR, but VI successfully detected BVDV in only 1 of these. This farm was undergoing expansion, and reproductive problems were of concern, but no PI animals could be detected in several large-scale screens of individual animals using a cell-based ELISA. 9 The reason for these discrepancies is not clear. It is unlikely that there was contamination of the RT-PCR because additional samples from the same milking groups were independently processed and the results were consistent with the initial RT-PCR results. Acutely infected animals may have been involved and may have been shedding lower levels of virus into milk than PI animals, producing virus titers below the threshold for successful detection by VI. However, this hypothesis has not been formally tested. Some circulating BVDV strains are unusually difficult to isolate in culture, for unknown reasons.
The most significant difference between the findings presented here and those previously reported 8 is the successful use of VI with field samples. Previous investigators were able to use VI to isolate BVDV from the milk of a PI animal that had been diluted 100-fold but subsequently were unable to isolate virus from 33 field samples that were positive by RT-PCR. It was suggested that the failure of VI might be due to the presence of anti-BVDV antibodies in the milk. The results presented in this study show that the presence of antibodies to BVDV is not a major impediment to its isolation. The difference may lie in the isolation procedure. Consistently successful isolation has been obtained using the freshly isolated (not frozen) somatic cells from 50 ml of milk to inoculate 25 cm 2 monolayers. Incubating the milk somatic cells overnight with the indicator cells increases the probability of successful isolation and does not lead to increased contamination of the cultures or problematic cytotoxicity.
The overall results support RT-PCR as the most sensitive method for detection of BVDV in milk bulk tank samples. The capability of assays in terms of sensitivity, specificity, and turnaround time makes RT-PCR optimal, but VI is a worthwhile alternative in situations where RT-PCR testing is not available. Moreover, it is desirable to conduct simultaneous VI and RT-PCR assays to ensure conformity, to crosscheck against assay contamination, and to detect isolates that may not be amplified by primers currently in use. 
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